Abstract. There are many factors that affect the performance of active power filter, which is a key factor for command current tracking control. Aiming at the deficiency of traditional PR controller, this paper puts forward an improved PR controller-vector resonant controller. The controller has the advantages of stronger anti-interference ability and greater gain at the resonance point, and it can improve the accuracy of harmonic compensation in the current compensation control. In this paper, the digital controller in the digital control system has been given a detailed design. Finally, the experimental results show that the control strategy can further reduce the harmonic content and improve the compensation accuracy.
Introduction
Current command tracking control is a key link of active power filter compensation current control. For the current tracking control algorithm has many different scholars study. Different control algorithms in practical applications have their own characteristics. And there are also some shortcomings. The following several common control algorithms are introduced. PI control algorithm is one of the most common control algorithms in engineering applications, but the active power filter device tracking the command current is often harmonic components, can not be achieved steady state. If the PR resonant controller is used to control current, the harmonic current control requires separate adjustment of 6k-1 and 6k+1 harmonic, which will increase controller design complexity and calculation amount. And the PR controller gain is often limited at the resonant point, which will inevitably influence of harmonic compensation precision. To improve the design of PR controller, the PR controller can be transformed into the form of the fundamental synchronous rotating coordinate reference system, that is, the form of the vector resonance controller. It's noticeable that 6N + 1 of the second harmonic signal is corresponding to the harmonic component of the positive sequence and negative sequence. The harmonics current are reflected in 6N harmonics compensation after the introduction of fundamental synchronous rotating coordinate transformation matrix.
In this paper, the active power filter using vector resonant controller current tracking control strategy is given. And vector resonant controller using the root locus method to select the control parameters in the digital control system of discrete is focused on. Finally, the experimental results of the prototype show that the active power filter operating principle and the use of the accuracy of the current control can be very good harmonic compensation, and effectively improve the accuracy of harmonic compensation.
The Current control strategy of APF system under the vector resonant control
It's need to use different forms of current control to control the fundamental current and harmonic current in the fundamental synchronous rotating coordinate system. An proportion control link can be increased in the vector resonant controller, which can be written in the following form:
The parameters of each harmonic in the vector resonant controller VPI are expressed by Kph and Krh. Ki1 and Kp1 are the PI controller parameters which regulate the fundamental current.
The system control structure of the current control using the PI-VPI controller is shown in Figure   6th International Conference on Mechatronics, Materials, Biotechnology and Environment (ICMMBE 2016)
1. The outer loop of the APF control system is a voltage loop, and the PI controller is used. The role of the voltage outer loop is mainly to control the DC side voltage of APF. The inner loop of the control system is the current loop, and the VPI -PI controller is adopted. The main effect of the current inner loop is that when the Umod and Us are acting on the output inductor, the current controller controls the tracking command current, and acts on the APF inverter to make the output PWM wave duty cycle change. 
Discrete design of VPI controller
In the digital control system, VPI controller design method has a variety of different options, the key to find a suitable method to calculate the parameters of the controller. The parameters which are obtained by different methods, in turn, determine the ability of the controller to track the current. If the use of the general idea, first calculating the control parameters of the mathematical model of the controller and the continuous system is transformed to discrete system, which is feasible. But vector resonant controller has characteristics of specific compensating amplitude frequency gain which is very large. It will have an impact on performance for the resonant frequency of the slight offset. So the selection method of discretization is very important.
To overcome the above disadvantages, this paper according to the VPI controller in continuous domain design after discretization model can choose in the discrete domain to model pole zero and gain direct design, which can get the parameters of current controller in discrete domain directly. For the discrete control system, the VPI controller is the two order discrete controller. And the general form can be expressed as:
K is the controller gain,a and b are the zeros of the controller, and the number of harmonics is expressed by n.
In order to show the control effect of the two order discrete controller (2), the following derivation is given. The mathematical model of the APF object with the numerator and denominator expressed in the form of G (z) =N (z) /D (z), can be obtained:
The pulse transfer function of the control system is expressed by ( ) H z ε in the formula (3). 
Given a frequency of the input, if the signal is sinusoidal, then it is expressed as follows:
In the above formula (5), the amplitude of the input signal is expressed in A, and the frequency is nω
The closed loop system can be expressed as the error signal under the excitation of the signal:
If we get (4) and (5) into (6):
To make system stable, all of the poles of closed-loop transfer function are not beyond the unit circle, then type (7) using Z domain of the final value theorem are:
The meaning of the formula (8) is that as long as the function is set in the stable control condition, the controller (2) can achieve the control effect of the steady state error of the signal to a certain frequency.
In the APF electric loop control system, a direct discrete VPI controller model is introduced, which is added to the zero order holder and lag one shot control. And the control block diagram is shown in Figure 2 . 
Select L=0.25mH, R=0.50, T=104us, using the root locus method to give the specific design of the current controller. The 6 harmonic parameters as an example, if we put the parameter into the type (9), we can be obtained for open-loop transfer function as follow:
In the open-loop transfer function (10) ,the Controller need to select the appropriate values of K, a, b. The value of b can firstly be set to 0.8122, which will reduce the number of parameters set by the controller. The matlab is used to draw the root locus as shown in figure 3 .Then we can get a=0.868, K=3.5227. 
According to the various parameters can be obtained direct discretization design of VPI controller for each harmonic compensation.The current loop frequency response curves which compensate harmonic direct discretization of VPI controller are drawn as shown in Figure 4 . From the figure the closed-loop response of the amplitude and the phase angle are 0, indicating that the controller of each harmonic compensation has a good steady-state performance. 
Experimental analysis
The experiments study on a prototype of APF platform. The power measured value is about392V.The load is accessed through the resistance bridge series parallel (adjustable) composition through a rectifier bridge. The bus capacitor voltage is about 899V monitoring in the debugging. The switching frequency of the pipe 9.6khz.The voltage space vector modulation (SVPWM) is used. The APF digital control system with PI-VPI controller is used to control the waveform. Figure 5 and Figure 6 show the waveform of the load current before and after compensation. Where 1 represents the grid lateral line voltage waveform, 2 is on behalf of sampling phase-locked loop square waveform, 3 represents uncompensated current waveform, 4 is compensation to the current waveform. From the figure can be seen in this paper, the design of voltage phase locked loop (PLL) is very accurate, which can maintain and acquisition of current signal phase consistent. The current without compensation waveform seen from the load current distortion is very serious, which is approximate square wave waveform distortion. After the compensation ,the current waveform is a high degree of sine.Through the debugging can make the final THD reached 5%.
Summary
This paper mainly describes the fundamental synchronous rotating coordinate can control of harmonic component of the positive sequence and negative sequence harmonic components and get the vector resonant controller. The control structure in active power filter using vector resonant controller network side current control is given. Finally, from the introduction of the zero order holder in the digital control process, the influence of the sampling period on the controlled object is discussed. The parameters of the VPI controller are designed by using the root locus method. In the prototype of harmonic compensation experiment, the system current harmonic distortion rate of 5%, harmonic compensation effect is good.
